In this study we present luminescence investigations of four samples of loess bracketing the Campanian Ignimbrite/Y5 tephra at the Rasova-Valea cu Pietre site, on the eastern bank of the Danube River, southeastern Romania. Investigations involved SAR-OSL dating on aliquots of fine (4-11 μm) and medium-grained (63-90 μm) quartz, as well as single grain analyses on 125-180 μm quartz. Luminescence dating results coupled with glass-shard chemical fingerprinting assign the depositional age and origin of the ash layer to that of the Campanian Ignimbrite/Y5 tephra, dated elsewhere using 40 Ar/ 39 Ar to 39.28 ± 0.11 ka. Fine-grained (4-11 μm) quartz SAR-OSL analyses yielded ages of 44.4 ± 4.5 ka below the ash, and 41.4 ± 4.2 ka above the ash layer. Single grain analysis on coarse-grained quartz, however, demonstrates that coarse material from these samples exhibits low sensitivity and responds poorly to internal checks of the SAR protocol in comparison with the finer sediment. This observation highlights the need for more extensive investigations into the luminescence properties of quartz as well as into the origin of quartz contributions from different primary sources in the Lower Danube loess steppe.
INTRODUCTION
A number of volcanic ash occurrences within Pleistocene loess and fluvial deposits in the Lower Danube region of Romania have recently been assigned to the Campanian Ignimbrite/Y5 (hereafter CI) tephra by glass chemical fingerprinting and OSL dating of adjacent material (Constantin et al., 2012; Veres et al., 2013; Fitzsimmons et al., 2013) . The CI tephra, originating in the Phlegrean fields of southern Italy and dated by 40 Ar/ 39 Ar to 39.28 ± 0.11 ka (De Vivo et al., 2001 ) has been widely identified in lacustrine, marine, loess and cave sediments, extending across the eastern Mediterranean and eastern Europe to north Africa and the Russian Plain (Thunnel et al., 1978; Ton-That et al., 2001; Pyle et al., 2006; Anikovich et al., 2007) . The CI eruption occurred during a significant time period coinciding with the extremely cold climate phase Heinrich Event 4, the arrival of anatomically modern humans into Europe and the disappearance of the Neanderthals from the continent (Lowe et al., 2012; Fitzsimmons et al., 2013 , Fedele et al., 2003 . Consequently, new CI occurrences in the poorly studied loess steppe of Eastern Europe could strengthen its impact as an important marker horizon at sub-continental scale .
Despite the fact that loess is generally believed to be an ideal material for luminescence dating, from our previous studies on Mircea Vodă , Mostiștea and Costinești (Constantin et al., in press) loess-paleosol sections, the fine grain (4-11 μm) quartz OSL chronology yielded ages significantly younger than the coarser grains (63-90 μm). The offsets between the two datasets range from 15 to 35% for samples collected from the loess interval L1 (ie., post-Eemian), while the differences in L2 (pre-Eemian) amount to as much as 52%. It appears that the age discrepancy resides in the different equivalent doses, the fine-grained equivalent doses being in all cases much lower than the medium-grained quartz equivalent doses, which is in contradiction with the expectations inferred from annual dose considerations. Along with the observed difference in the equivalent doses, the study of Timar-Gabor et al. (2012) has also drawn attention to the different laboratory dose response growth pattern of sandsized (63-90 μm) and fine-silt quartz grains (4-11 μm). The latter also exhibits much higher saturation characteristics.
Recently, Timar-Gabor and Wintle (2013) presented empirical evidence that for at least high doses the SAR dose response curves obtained in the laboratory do not reflect the growth of the signals in nature, both for fine (4-11 μm) and medium (63-90 μm) grained quartz extracted from Costineşti loess section. This finding casts doubt on the validity of the higher equivalent doses obtained by applying the SAR protocol, such as >200-300 Gy for fine grains and 100-200 Gy in the case of medium-grained quartz.
Here we present luminescence chronological investigations on four samples of loess bracketing a recently identified CI tephra exposure on the eastern bank of the Danube River at Rasova-Valea cu Pietre, southeastern Romania (Fig. 1) . We undertook SAR-OSL dating on aliquots of fine (4-11 μm) and medium (63-90 μm) quartz grains, as well as single grain SAR-OSL analyses on 125-180 μm quartz with a two-fold aim. On the one hand it was intended to chronologically constrain the deposition time of the ash layer at Valea cu Pietre, in combination with the glass chemical data that suggested a genetic link between this ash layer and the CI tephra. On the other hand, we aimed to use the CI as an independently dated marker horizon with an age of 39.28 ± 0.11 ka (De Vivo et al., 2001) to gain insights into the cause of the severe age discrepancy between the fine and the medium-grained quartz fractions previously reported at several representative loess-paleosol sections in southern Romania in which the CI tephra has not yet been identified (Fig. 1) . The present paper focuses on testing the OSL techniques on loess samples bracketing a well-dated marker horizon in order to further investigate the luminescence properties of Romanian loess at various locations and sedimentary settings.
STUDY SITE
The stratigraphic profile at Valea cu Pietre (44°15.255' N; 27°57.088' E; 28 m a.s.l; Fig. 1 ), is located near the village of Rasova in southern Dobrogea, in a region known for thick alluvial-aeolian Quaternary deposits (Munteanu et al., 2008) . It consists of 7-8 m of loess overlying Lower Cretaceous carbonates (Pop et al., 1991) . No soil development has been identified in the sequence apart from the top 0.5 m of Holocene soil. The sharp lower contact with the underlying carbonate rocks points to a geological unconformity, a common feature in Dobrogea, reflecting the tectonic activity and long-term geomorphological evolution of the area (see review in Hippolyte, 2002) .
A beige-greyish, structureless bed of volcanic ash up to 30 cm in thickness can be traced laterally along the wall at depths between 5.90 and 6.20 m from the top of the profile (Fig. 2) . Its contact with the underlying loess is very sharp, indicating rapid deposition comparable with that observed at the Urluia sequence nearby (Fitzsimmons et al., 2013) . The upper boundary is more gradual, suggesting some degree of mixing between loess and pyroclastic material. 
GLASS GEOCHEMISTRY
The chemical composition of glass shards (n = 21) was determined on epoxy-mounted stubs on a Jeol JXA8200 microprobe using single-grain, wavelengthdispersive electron microprobe analysis (WDS-EPMA) at the Bayerisches GeoInstitut, University of Bayreuth. An accelerating voltage of 15 keV was used with a 6 nA beam current. Peak counting times were 10 s for Na, 30 s for Si, Al, K, Ca, Fe and Mg, 40 s for Ti and Mn, and 60 s for P. Precision is estimated at <1-6% (2σ) and 10-25% (2σ) for major and minor element concentrations respectively. Results of glass shard analyses are summarized in Table 1 . Fig. 3 shows a comparison of the geochemical profile of the Rasova-Valea cu Pietre tephra layer with CI ash geochemistry from other proximal and distal deposits.
The provenance of the Valea cu Pietre tephra was fingerprinted based on major oxide concentrations of glass shards that show average (n = 21) SiO 2 contents of 60.2 wt%, associated with 7.31 wt% K 2 O, 5.96 wt% Na 2 O, 18.46 wt% Al 2 O 3 , 0.39 wt% MgO, 1.82 wt% CaO and 2.91 wt% FeO, respectively ( Table 1) . The silicatotal alkali diagram (Fig. 3) indicates a phonolite/trachyte composition and confirms the close chemical affinity between Valea cu Pietre tephra and other Campanian Ignimbrite/Y-5 (CI) occurrences in the Lower Danube (Fitzsimmons et al., 2013; Veres et al., 2013) , vent proximal deposits (Civetta et al., 1997; Signorelli et al., 1999) or even more distal tephra locations (Pyle et al., 2006) . (Civetta et al., 1997; Signorelli et al., 1999) , distal tephra occurrences within Russian loess (Pyle et al., 2006) , the fluvial/loess sequence at Caciulatesti in southern Romania , and the nearby Urluia sequence (Fitzsimmons et al., 2013) 
Fig. 3. a) Silica-total alkali diagram showing the composition of Rasova-Valea cu Pietre volcanic glass-shards as compared with proximal Campanian Ignimbrite deposits in Italy
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OPTICAL DATING
Single aliquot measurements
Samples and analytical facilities
The extraction of medium (63-90 μm) and fine (4-11 μm) quartz grains was performed under low intensity red light. Samples were treated to isolate pure quartz of different size fractions (4-11 μm, 63-90 μm, and 125-180 μm) by digestion in dilute hydrochloric acid (HCl; concentration of 10%) to remove calcium carbonate, and hydrogen peroxide (H 2 O 2 ; concentration of 10% followed by 30%) to remove organic matter. Fine (4-11 μm) grains were extracted using conventional procedures for sample preparation (Lang et al., 1996; Frechen et al., 1996) . To isolate the quartz grains from the polymineral fine fraction, samples were digested in H 2 SiF 6 for 10 days. Separation of medium-grained quartz consisted of sieving, density separation using heavy liquids, and etching with concentrated HF (concentration of 40%) for 40 min. The purity of the quartz extracts was certified by the absence of a significant infrared stimulated luminescence (IRSL) response at 60°C to a large regenerative β-dose. An IR depletion test (Duller, 2003) was further employed at the end of each SAR sequence to assess the sensitivity to IR stimulation of each analysed aliquot.
Luminescence investigations were performed using Risø TL/OSL-DA-20 readers equipped with blue (470 ± 30 nm) and infrared (875 ± 80 nm) light-emitting diodes. Luminescence signals were detected by EMI 9235QA photomultiplier tubes with coated Hoya U-340 filters. Further details regarding the equipment can be found in Thomsen et al., 2006 . Irradiation was carried out using a 90 Sr-90 Y beta source, calibrated using gamma irradiated calibration quartz produced by the Risø National Laboratory. Dose rates of 0.152 Gy/s, 0.123 Gy/s and 0.261 Gy/s were obtained for 63-90 μm quartz grains deposited on stainless steel, 4-11 μm grains mounted on aluminium discs, and 125-180 μm single grains mounted on single grain discs, respectively.
Luminescence characteristics -Performance of the SAR protocol
The luminescence investigations of the Valea cu Pietre loess samples were performed using the single-aliquot regenerative dose (SAR) protocol Wintle, 2000, 2003) . Luminescence signals were stimulated with blue diodes for 40 s at 125°C. In order to isolate the fast component of the luminescence signal, the net continuous wave OSL (CW-OSL) was evaluated from the initial 0.308 s of the decay curve, minus a background assessed from the 1.69-2.30 s interval. Unless otherwise mentioned a preheat temperature of 220°C for 10 s and a cutheat to 180°C were applied, based on parameters identified as optimal from previous studies on Romanian loess (Timar et al., 2010; Timar-Gabor et al., 2011 Vasiliniuc et al., 2011; Constantin et al., in press ). The (Murray and Wintle, 2003) .
The OSL signals exhibited a rapid decay during optical stimulation for both fine (4-11 μm) and medium (63-90 μm) quartz grains. Recycling, IR depletion and recuperation tests were used as indicators of the performance of the SAR protocol applied for the studied samples. Only those aliquots with recycling ratios and IR depletion ratios that did not deviate more than 10% from unity were accepted for equivalent dose determination. None of the investigated aliquots displayed recuperation values larger than 0.2% of the natural signal, indicating that the growth curves pass very close to the origin and exhibit negligible thermal transfer of charge during the SAR protocol.
For equivalent dose determination in case of both the fine and medium quartz fractions, sensitivity-corrected growth curves extending up to ~300 Gy were constructed using 6 regeneration points. The growth of the signal with dose is best described by a sum of two saturating exponential functions. Fig. 4 shows a representative growth curve for an aliquot of medium-grained quartz extracted from sample RAS 1. The inset presents a typical OSL decay curve for the same quartz fraction of sample RAS 1.
The reliability of quartz equivalent dose (D e ) estimation through the SAR protocol employed in this study was investigated using a dose recovery test. The test involved a double bleach for 250 s at room temperature using blue light emitting diodes, with a 10 ks pause between the stimulations (Murray and Wintle, 2003) . Known laboratory doses chosen to be equal to the estimated equivalent doses were then applied to the aliquots which were measured using the SAR protocol. The test was carried out on both the fine (4-11 μm) and medium (63-90 μm) quartz grains of the investigated samples, using a preheat of 10 s at 220°C in combination with a test dose cut-heat of 180°C. Unfortunately, due to insufficient material, we were not able to perform the dose recovery test on the medium fraction of sample RAS 4. The dose recovery data for the preheat at 220°C and cut-heat at 180°C are displayed in Fig. 5 . A deviation of about 10% above unity of measured to given dose was obtained in all cases, except for the fine fraction (4-11 μm) of sample RAS 2 where a very good recovered dose to given dose ratio was observed. The dose recovery test was further applied using a preheat of 260°C and cut-heat at 220°C, in order to investigate the influence of the thermal treatment on the dose recovery ratio. For this thermal treatment, the dose recovery test yielded similar results to the ones previously obtained using lower preheat and cutheat temperatures.
The thermal stability of the signals used for D e determination was further tested through the preheat plateau test for samples RAS 2 and RAS 3 on both 4-11 μm and 63-90 μm quartz grains. The SAR protocol was applied using thermal treatments consisting of a 10 s preheat at temperatures ranging from 200°C to 280°C in combination with a test dose cut-heat of 180°C. No systematic variation in D e with preheat temperature was observed over this temperature interval. The associated recycling ratios lie close to unity and recuperation does not exceed 0.3% of the corrected natural OSL signal. Fig. 6 shows the preheat plateau for sample RAS 2. The lack of dependence of D e on preheat temperature was also observed for sample RAS 3. These data give us confidence that the OSL signal is not contaminated by thermally unstable components.
-Dose response for very high doses Dose-response curves up to ~2 kGy were investigated for the fine (4-11 μm) and the medium (63-90 μm) grained quartz extracted from the sample RAS 4. The sensitivity-corrected growth curves were constructed using 9 regeneration points and a test dose of 16 Gy. Based on the values for the reduced chi square, as well as for the residual sum of the squares , the growth patterns were best fitted by a sum of two saturating exponential functions according to:
where I -intensity of the OSL signal corresponds to a dose, D; I 0 -intercept; A, B -saturation characteristics of the two exponential components; D 01 , D 02 -doses representing the onset of saturation of each exponential function. As previously reported in other studies on loess and loess-derived sediments in southern Romania (TimarGabor et al., 2011 (TimarGabor et al., , 2012 Constantin et al., 2012) , a very different pattern of growth was observed for the two quartz grain fractions investigated, with much higher saturation doses in the case of the fine quartz (Fig. 7) .
For doses exceeding 1 kGy, the medium-sized quartz grains reach saturation with an insignificant level of growth, compared to the continuing growth shown by the fine quartz. The values for the characteristic doses D 01 and D 02 are 135 ± 26 Gy and 1119 ± 311 Gy, respectively, for the fine quartz, while for the medium fraction the values are 34 ± 5 Gy and 690 ± 45 Gy, respectively.
-Equivalent doses
The average D e values (± 1 standard error) are presented in Table 2 . For both grain-size fractions extracted from every investigated sample, between 6 and 19 replicate measurements of the D e were performed. Except for sample RAS 4, higher equivalent doses were obtained using the fine (4-11 μm) fraction in comparison to the equivalent doses from the medium (63-90 μm) quartz grains. Greater D e values for the fine quartz grains than for coarser fractions were expected since the dose rate should be higher, due to lack of beta attenuation and contribution of the alpha dose in the former. This behaviour is similar to that reported for a sedimentary section embedding the CI ash layer at the site of Caciulatesti (Constantin et al., 2012) but is in contrast to the previous findings for quartz extracted from loess deposits in southern Romania .
It should be noted however that the samples are relatively young: the values for the equivalent doses range between 136-286 Gy for the fine grains, and 118-175 Gy for the medium grains, respectively ( Table 2) . Recent investigations at Costinesti (Timar-Gabor and Wintle, 2013) revealed that the laboratory and natural dose re- 
Fig. 7. Comparison between extended dose-response curves constructed for sample RAS 4 using fine (4-11 μm) (open squares) and medium-sized (63-90 μm) (open circles) quartz grains. Both growth patterns were best described by a double saturating exponential (DSE) function. A test dose of 16 Gy was used throughout the measurements.
sponses do not overlap with each other for doses higher than 200 Gy in the case of fine grains. In the case of medium grains, deviations start to occur at doses as low as 50 Gy, although the precision of the latter value remains under question due to the larger scatter of data (see figure  6 in Timar-Gabor and Wintle, 2013 ). In the abovementioned study the authors have shown that while the dose response to regenerated signals can be described by a sum of exponentials, the growth of the natural signal is best described by a single saturation exponential model. These findings raise serious doubts as to the reliability of SAR-OSL equivalent doses above certain values obtained for samples where the laboratory dose response cannot be fitted by a single saturation exponential model. In the case of Romanian loess we consider that SAR-OSL equivalent doses higher than 200 Gy obtained on fine grains are questionable, while in the case of mediumgrained quartz doubts could be raised at even lower values.
Dose rate determination
Radionuclide specific activities were measured by high-resolution gamma spectrometry and converted to dose rates using the conversion factors tabulated by Adamiec and Aitken (1998) . A factor of 0.94 (± 5% relative uncertainty) was used to correct the external beta dose for the effects of attenuation and etching (Mejdahl, 1979) . To allow for the lower efficiency of alpha radiation in inducing luminescence, a value of 0.04 ± 0.02 was adopted. A time-averaged water content of 5% with a relative error of 25% was considered to account for the effect of moisture. An internal dose rate of 0.010 ± 0.002 Gy/ka was used for the coarser fraction (Vandenberghe et al., 2008) . The cosmic ray component of the dose rate was calculated based on equations published in Prescott and Hutton (1994) .
Optical ages
A summary of all the information relevant to the optical age and uncertainty calculation is given in Table 2 . Generally, the systematic uncertainty amounts from 7 to 9% (at 1σ). Our estimates of the uncertainties associated with the time-averaged water content, the α-value and beta attenuation factors represent the most considerable sources for the systematic uncertainty. The overall contribution from random sources of uncertainty ranges between 2% and ~9% and represents a measure of the internal consistency of the optical ages.
Given the relatively high specific activities for the radionuclides found in sample RAS 3 (see Table 2 ), we presume that this sample may reflect a mixture of loess and grains/minerals originating from the tephra layer. This could also potentially contaminate the luminescence signal since the high pressure and temperature conditions instrumental in forming the ash raises concerns about the nature of the defects in the crystal lattice. Consequently this may have influenced the intrinsic luminescence properties of the quartz grains originating from the tephra (see review in Preusser et al., 2009) . It should be noted that the specific activities measured for 238 U ( 226 Ra) and 232 Th for all loess samples analyzed in our previous works are very homogenous, while in the case of sample RAS 3, the obtained values are more than 50% higher than the average values in the case of both radionuclides. Enrichment in Th concentrations was also observed in samples collected around the ash layer at nearby Urluia sequence (Fitzsimmons et al., 2013; press); this is summarised in (Civetta et al., 1970; Civetta and Gasparini, 1973; Brai et al., 1995; Bellia et al., 1997 , Brai et al., 2002 and are supposed to be directly related to the magmatic mineral assemblages forming these tephra layers.
There is an obvious contrast between the radionuclide activity concentrations in samples RAS 2 and RAS 3, however the equivalent doses have comparable values. The high concentration of radionuclides accounts for the comparably high equivalent doses obtained for sample RAS 3, but this situation does not apply to sample RAS 2. Therefore, the high overestimation of the equivalent doses obtained for sample RAS 2 is counter-intuitive. We interpret these results to reflect intrinsic luminescence properties, however further investigations are necessary. Based on these data, and the relatively large equivalent doses obtained for samples RAS 2 and RAS 3 which suggest that they are unreliable (cf. Timar-Gabor and Wintle, 2013) , the optical ages obtained for these two samples will not be considered in further discussions.
Within uncertainties, a very good agreement was found between the optical ages obtained on both quartz grain sizes from RAS 1, whilst for sample RAS 4 an overestimated OSL age was obtained for the mediumgrained (63-90 μm) quartz fraction. Optical ages of 44.4 ± 4.5 ka (4-11 μm quartz) and 46.2 ± 3.7 ka (63-90 μm quartz) were calculated for the underlying loess layer. For the uppermost loess horizon, 41.4 ± 4.2 ka (4-11 μm) and 54.5 ± 4.5 ka (63-90 μm) values were derived. Only the OSL ages obtained using fine (4-11 μm) quartz are consistent with the expected age of 39.28 ± 0.11 ka (De Vivo et al., 2001) for the samples associated with CI ash deposition at Valea cu Pietre.
LM-OSL measurements
Rapid OSL decay was observed in both the natural and regenerated signals of the samples from RasovaValea cu Pietre. Despite this, closer examination (see the inset in Fig. 4 ) reveals that the OSL decay of the natural and regenerated signals is slightly slower compared to the signal decay of the calibration quartz, which is generally considered as dominated by the fast component. Therefore, linearly-modulated (LM-OSL) measurements were performed to investigate the dominance of the OSL signal by the fast component.
LM-OSL signals were measured at 125°C by linearly increasing the stimulation power from 0 to 100% over 3000 s after a preheat of the aliquots at 220°C for 10 s. These measurements were undertaken for each quartz fraction extracted from the investigated samples.
As displayed in Fig. 8 , the LM-OSL signals obtained for the fine fraction of sample RAS 1 show a clear dependency of the relative intensity of the slow component as a function of given dose. Its intensity relative to that of the fast component is higher at lower doses. The same behaviour was exhibited by all grain sizes analysed in all investigated samples. A change in the relative contribution of the fast and the slow components could be due to the saturation of the fast component, the different components having different saturation characteristics. In accordance with previous studies (Bailey, 2000) that suggested that the slow component is described by higher saturation characteristics, the present results are counter-intuitive, as the relative contribution of the slow component to the signal is more important in the case of the low doses compared with higher doses. Further investigation is required to fully understand this behaviour. Our preliminary observations raise questions as to the reliability of using quartz from this particular location for SAR-OSL dating. 9.5 ± 0.1 1.91 ± 0.10 20.0 ± 1.0 2.10 ± 0.11 4.77 ± 0.37 EVA1089 9.5 ± 0.1 1.85 ± 0.07 19.1 ± 1.0 2.10 ± 0.11 4.12 ± 0.35 CI TEPHRA EVA1028 9.6 ± 0.1 1.98 ± 0.10 13.6 ± 0.7 2.10 ± 0.11 4.31 ± 0.33 EVA1029 10.2 ± 0.1 2.00 ± 0.10 13.5 ± 0.7 3.66 ± 0.18 4.70 ± 0.38 EVA1090 9.5 ± 0.1 1.91 ± 0.10 14.8 ± 0.7 2.10 ± 0.11 4.08 ± 0.31 Y beta sources (Bøtter-Jensen et al., 2000) . Luminescence signal detection was performed under the same conditions as for the single aliquot measurements. Quartz extraction followed the conventional procedures for luminescence sample preparation described in Samples and analytical facilities section. The number of discs was determined by the amount of sand-sized material extracted; for RAS 2, three discs (300 grains) were measured, while six discs (600 grains) were measured for RAS 4. Single grains were loaded by sweeping grains over the 100 individual holes of single grain discs with a small brush. Since the grains represent fine-grained sand (125-180 µm) and the size of the disc holes is somewhat larger, the discs were checked under an optical microscope with filtered red illumination to ensure that only one grain occupied each hole.
Sample code
The D e was measured using the single-aliquot regenerative-dose (SAR) protocol of Murray and Wintle (2000; 2003) . For consistency between the single aliquot and single grain measurements, preheat and cut-heat temperatures of 220°C and 180°C respectively were used for the single grain analyses. The OSL signal was measured as the integral of the first 1 s, with an early background subtraction determined by the integral of the subsequent 2 s to reduce the possibility of signal contamination by non-fast components, and by any feldspars which may have remained after processing (Cunningham and Wallinga, 2010) . Since the number of grains available for analysis was limited, an extended recycling test similar in form to a dose recovery test was included at the end of each protocol in order to assess the characteristics of each grain. Although this test cannot replace a full dose recovery test on unaltered grains (sensu Murray and Wintle, 2003) , due to likely sensitivity changes experienced as a result of heating and irradiation (Wintle and Murray, 1999; 2000) , it was hoped that further characterisation of the intrinsic luminescence properties of the quartz could be made by this additional test, given the small quantities of grains available for analysis. These "extended recycling/substitute dose recovery" tests were undertaken only for those grains which passed the selection criteria as discussed below.
Since not all grains yield useful OSL signals for dating (Jacobs and Roberts, 2007) , individual grains were analysed for their suitability using a set of selection criteria based on fundamental characteristics. These criteria were defined as grains which emit an OSL signal greater than three times the background level; produce a doseresponse curve which can be fitted to a simple exponential or exponential-plus-linear function (as observed previously in Romanian loess quartz); result in sensitivitycorrected recycling values within 25% of unity and yield IR depletion ratios within 20% of unity. The threshold for recycling and IR depletion ratios is somewhat higher than in previous studies (e.g. Duller, 2003) due to the inherently low sensitivity of these loess samples, which results in large uncertainties. 
Luminescence sensitivity
The number of luminescent grains identified by single grain analyses for samples RAS 2 and RAS 4 totalled 45 and 85 grains respectively (see Table 4 ). This corresponds to 15% and 14% of the total measured grains. This proportion is consistent with observations from other single grain studies from a range of contexts, from aeolian to fluvial and cave deposits (Jacobs et al., 2006; Fitzsimmons, 2011) . However, the majority of sand-sized grains measured from Valea cu Pietre were categorised as dim (yielding <20 counts in the initial channel of the natural signal). Aeolian sediments in general have been thought to yield relatively high sensitivities (Fitzsimmons et al., 2010; Fitzsimmons, 2011; Li and Wintle, 1992) , as have sediments which have undergone long-distance transport within rivers (Pietsch et al., 2008) . Therefore the Romanian loess-forming, sand-sized grains, which are not only assumed to be aeolian but have undergone longdistance fluvial transport (Smalley and Leach, 1978) , may reasonably have been assumed to exhibit a high efficiency of charge transfer between traps and luminescence centres. However, loess of glacial origin, transported within a fluvial system involving a high proportion of suspended load (the Danube), may also have prevented substantial light infiltration and therefore extensive bleaching of the luminescence signal to those fluvial sediments during transport, may have sustained low sensitivities in the quartz (e.g. Preusser et al., 2006) . Conversely, it is also possible that the different size fractions measured in this study - fine (4-11 μm), medium (63-90 μm) and sand-sized (125-180 μm) - are derived from different sources, experienced different sedimentation histories, and consequently developed different luminescence properties, of which only the characteristics of sand-sized grains can be investigated at individual grain level. Source rock lithology has been proposed to influence luminescence sensitivity (Li et al., 2007; Westaway, 2009) . Given that sand-sized material is generally not present in Danubian loess (e.g. Marković et al., 2004) , it is entirely possible that the sand-sized grains isolated at Valea cu Pietre originated from local protoliths and therefore inherited different luminescence characteristics to the finer grains, which are derived from glacial grinding and long-distance fluvial transport from much further upstream. Irrespective of these considerations, low luminescence sensitivity results in very high uncertainties in both the natural and regenerated dose signals, which is particularly problematic when measuring single grains. Consequently, these dim grains cannot be used to reconstruct dose response, and therefore to determine age.
D e measurement results
Sand-sized grains yielding initial natural signals exceeding 20 counts in the first channel (0.2 s; "sufficiently bright grains") constituted 7% and 6% of the RAS 2 and RAS 4 samples respectively ( Table 4 ). Fig. 9 shows the luminescence characteristics of a single sufficiently bright grain from sample RAS 2. This sample exhibits a moderately dim signal and simple exponential dose response, and is one of the better-behaved grains analysed from the suite of grains from both samples. The sufficiently luminescent grains were then assessed for their behaviour according to the internal checks of the SAR protocol 2003) . Table 5 provides a summary of the initial assessments of those luminescent grains. The results indicate that the presence of sufficiently bright luminescence signals provides no guarantee of satisfactory performance using the SAR protocol. Only half (3.5%) of these sufficiently bright grains yielded dose response curves which increased with regenerative dose and could be fitted to a simple exponential or exponential-plus-linear function. A similar proportion yielded recycling and IR depletion ratios within 25% and 20% of unity, respectively, despite the relatively high thresholds for acceptance adopted in this study. This proportion is at the lower range of typical single grain analyses for sediments from a range of contexts (e.g. Jacobs et al., 2006) , but drops substantially when the results of extended recycling (substitute dose recovery tests) are taken into account.
In this study, the extended recycling test was included at the end of the main SAR protocol for each individual grain, following double-bleaching of each grain using the green single grain laser, and administration of a dose of approximately 200 Gy (believed to be comparable to the dose accumulated during burial). Only the resulting extended recycling ratios of those grains which passed SAR 
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De (Gy)the utility of undertaking these sorts of tests for individual grains as part of the measurement protocol. Perhaps most significantly, however, the inconsistency between grains passing basic SAR-protocol checks and the extended recycling test suggests that there remain characteristics of the inherent properties of individual grains that have not previously been identified. Table 5 summarises the results of those grains which passed internal SAR checks, combined with the dose recovery ratios and corresponding assessment as to whether each grain is acceptable for age calculation. The number of accepted grains from the sample set analysed in this study - 3 for RAS 2 and 0 for RAS 4 - is clearly insufficient for statistically robust determination of the age, proposed to be at least 50 grains (Rodnight, 2008) . The accepted grains for RAS 2 range between approximately 58-180 Gy, and clearly do not correspond to a single age. The single grain investigations yield insufficient grains passing selection criteria to adequately determine age or to directly compare with the finer-grained measurements.
DISCUSSIONS AND CONCLUSIONS
The 40 Ar/ 39 Ar composite age of 39.28 ± 0.11 ka obtained from proximal pyroclastic deposits in the Campi Flegrei Volcanic Field (De Vivo et al., 2001 ) is widely considered to be the most reliable age of the CI eruption. This age is consistent, within error, with the initial constraint on the depositional age of the Y-5 tephra to 38 ± 2.5 ka based on marine core oxygen-isotope stratigraphy (Thunnel et al., 1978) , as well as with the 40 Ar/ 39 Ar age of 41.1 ± 2.1 ka on marine CI tephra material from the Tyrrhenian Sea (Ton-That et al., 2001) .
Luminescence investigations carried out on an archaeological profile from Kostenki-Borshchevo in Russia yielded OSL ages ranging between 52.4 ± 3.8 ka and 45.2 ± 3.2 ka for samples below the CI ash layer, and younger than 30.3 ± 2.21 ka on samples collected above the ash layer. Moreover, OSL ages of 47.7 ± 3.4 and 32.2 ± 2.3 ka, respectively, were obtained for samples bracketing the same ash layer in another profile at Kostenki-Borshchevo (Anikovich et al., 2007) . More recent luminescence investigations on Romanian loess sections containing the CI ash layer also provide strong support for our luminescence results. At the site of Caciulatesti in the Jiu valley, quartz OSL dating of four different grain sizes yields average ages of 40.4 ± 1.3 ka and 40.7 ± 1.2 ka for the sediment below and above the level of the ash layer, respectively (Constantin et al., 2012) . Apart from Caciulatesti, luminescence investigations of the CI tephra layer at Lunca in the Olt valley yielded an age of 40.3 ± 3.5 ka . The nearby exceptionally thick CI occurrence at Urluia quarry was constrained to between 48.8 ± 3.9 ka, 41.1 ± 3.4 ka and 38.7 ± 3.3 ka on samples below, and 36.2 ± 3.5 ka on one sample above the ash layer (Fitzsimmons et al., 2013) .
Considering the age of the CI eruption and of its distally deposited ash, the luminescence ages obtained in this study on fine quartz grains (4-11 μm) confirm the expected depositional age of the CI tephra layer identified at Rasova-Valea Cu Pietre.
The SAR-OSL age obtained for the medium (63-90 μm) fraction of sample RAS 4 appears to overestimate the age of the CI tephra layer. The difference between the medium and fine-grained quartz ages can be correlated to the size-related age offsets previously reported for loess deposits in south-eastern Romania Constantin et al., in press) . It is also interesting to note that the discrepancy in different grain-size ages observed in the case of sample RAS 4 is in contrast to the consistency between ages obtained for RAS 1. These findings raise concern not only for the luminescence properties of the quartz from the investigated samples, but also for the reliability of the SAR protocol in this particular case. Overall, the reported ages confirm the correlation established based on glass chemical fingerprinting data and the previous age discrepancy reported for the loess sections from southern Romania is not observed up to the same degree, at this particular location. Most probably, this particularity is a result of the relative youth of the samples from Valea cu Pietre.
The single grain analyses, performed for the first time on loessic quartz to our knowledge, demonstrate that sand-sized Romanian loessic quartz exhibits low sensitivity at single-grain level and responds poorly to the internal checks of the SAR protocol. In particular, single grain measurements show very poor post-SAR dose recovery response, and suggest that there remain some intrinsic luminescence properties of individual grains of quartz which are poorly known and need to be more rigorously investigated. This most likely resides in a combination between geological processes, the relative immaturity of the Valea cu Pietre sediments, and consequently the luminescence characteristics inherited from the source rocks. The results do, however, provide an insight into the luminescence characteristics of Romanian loess, which has up until now not been possible due to the lack of sand-sized grains within previously investigated loess sequences. The proximity of the Valea cu Pietre site to the Danube River, however, most likely facilitated the accumulation of a small proportion of coarser-grained material which cannot be found elsewhere in the Eastern European loess steppe (e.g. Jipa, in press), through shorter-distance aeolian transport from the small component of sandy bedload within the Danube. This situation is unusual for Danubian loess and therefore the results examined here may not be representative of the whole basin. The hypothesized origins of the sand-sized quartz stand in contrast to those of the longer-travelled silt-sized material, and may have resulted in different grain-sizes with different sedimentary histories and therefore different inherited luminescence characteristics. At present, without investigating the luminescence properties of the finer-grained quartz at single grain level, the prospect of two separate sediment populations with different origins cannot be confirmed. However, if this is the case, then it may well explain why the fine-grained (4-11 μm) material yields better results for dating than the single, sand-sized grains.
Our observations, including the issue of the relative contributions of the fast and the slow components of the LM-OSL signals as function of magnitude of the given dose, highlight the need for further detailed investigations into the luminescence properties of different quartz grain size fractions. In addition, our results suggest the need to further investigate the origin of quartz contributions from different primary sources in the Lower Danube loess fields.
